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The presence of proteolytie enzymes in the
skin has been shown by several biochemical
studies (1—7) but their histoehemieal dem-
onstration has been unsuccessful except for
that of leueine-aminopeptidase (8—21). Re-
cently, Thkamatsu et al. (22) devised a method
using silver protein for the histoehemical
demonstration of possible proteolytie enzymes
in rat tissues.
The purpose of this study is to show the
presence of some substances, possibly pro-
teolytie enzymes, in human skin using this
silver protein method.
MATERIALS AND METHOD
1. The specimens were taken by punch biopsy
from normal or pathological human skin anes-
thetizcd with 1% xylocaine solution and were cut
into small blocks 2 to 3 mm. thick. The specimens
examined include: normal skin (4), eczematous
dermatitis (12), generalized exfoliative dermatitis
(4), chronic radiodermatitis (2), psoriasis (3),
lichen planus (2), pemphigus fohaceus (2), and
dermatitis herpetiformis (2).
2. The blocks were fixed in cold acetone (at
3° C) for 24 hours. During this period of time the
acetone solution was changed 3 or 4 times.
3. The blocks were placed in xylene for 3 or 4
hours, then transferred to paraffin and, after
penetration with several changes of paraffin, they
were finally embedded in the usual manner. The
temperature did not go above 53° C during the
paraffin embedding procedure. Sections 4 to 6
microns thick were cut, transferred to slides and
deparaffinized.
4. Slides were immersed at 37° C for 4 hours
in acetate buffer at pH 6.4, or for 6 hours in tris
buffer at pH 7.4 in an incubating solution.
5. Incubating solution
Substrate solution (1% silver proteint
aqueous solution) 10 ml.(no ionized silver was allowed in this
solution)
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2% potassium bromide aqueous solu-
tion 2m1.
M/S acetate buffer solution, pH 6.4 or
M/5 tris buffer solution, pH 7.4. . 20 ml.
Distilled water 15 ml.
6. After the slides had been removed from the
incubating solution, they were rinsed in distilled
water for 30 to 60 seconds.
7. The slides were immersed in hydroquinone
solution (photographic developer) for about 15
minutes at 20° C. During this period, the solution
was changed 3 or 4 times. Then the slides were
rinsed in distilled water.
S. The slides were placed in 1 to 2% sodium
thiosulfate solution for 5 minutes, then washed
immediately by running water for several minutes.
9. The sections were carried through graded
concentrations of alcohol for dehydration and
into xylene, and were finally mounted in Canada
balsam.
(The presence of some substances, possibly
proteolytie enzymes, was shown by a deposition
of brown to dark-brown granules.)
10. No counterstain was performed in this
study, as several trials for counterstain were un-
successful.
11. As a control, the following three methods,
which differed from the above procedure in some
respects, were applied on three shdes:
i) The first shde was immersed in the in-
cubating solution without substrate (silver pro-
tein).
ii) The second slide was heated beforehand for
30 to 60 minutes at 80° to 100° C before the in-
cubating procedure ("heating test").
iii) The third slide was immersed in advance in
normal human serum for 4 to 6 hours before the
incubating procedure ("inhibition tests"). It was
performed on the descriptions by Beloff (3), and
by Wells and Babcock (5) that the activity of the
protease of skin is inhibited partially by serum
albumin or by plasma.
12. Other slides were also stained by hematoxylin
and eosin.
13. For comparison, some fresh frozen sections
were used. The biopsy specimens were frozen at
—76° C with dry-ice and acetone, and stored at
—20° C. Within 12 hours, the blocks were cut in
a cryostat at —15° to —18° C into sections of S
to 12 microns, which were put on slides and dried
in air at room temperature for a few minutes.
After fixation with acetone or ethanol solutions
for 2 to 3 minutes, or without any fixation, sec-
tions were stained by the procedures of 4 to 9.
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RESULTS
I. Normal Skin (Figs. 1—B)
1. Epidermis and Epidermal Appendages.
The horny layer was not stained. The granu-
lar, malpighian and basal layers were stained
brown to dark-brown. The granular layer was
stained intensely dark and the upper part of
the stratum malpighii was darker than the
lower (Fig. 1).
The excretory ducts of the sweat glands,
sebaceous glands and hair sheaths were
stained dark-brown, as was the epidermis, and
the sweat glands were moderately stained
(Fig. 2).
In the epidermis and epidermal appendages,
the cytoplasm, particularly the cellular mem-
brane, was deeply stained. The intercellular
bridges of the squamous cells were also
stained (Fig. 3).
2. Dermis. The capillary endothelium and
some of the perivascularly scattered cells were
stained dark-brown. The muscle fibers were
stained light brown, but the collagenous fibers
were stained slightly yellowish-brown (Figs. 1,
2).
3. The nuclei of most cells were not stained,
but some nuclei were nearly black; this seemed
to be nonspecific.
In general, the sections immersed in the
incubating solution of acetate buffer at pH
6.4 for 4 hours were stained considerably
darker than those immersed in the incubating
solution of tris buffer at pH 7.4 for 6 hours.
II. Pathological Skin
1. In sections of skin with chronic radio-
dermatitis and ulceration the coloration of the
granular layer was slight and that of the
lower malpighian layer and the basal layer
was mild. The infiltrating cells in the upper
dermis were scarcely stained, although they
were present in large numbers in the hema-
toxyhn and cosin stained control section (Fig.
4).
2. Sections of skin with generalized exfolia-
tive dermatitis showed mild coloration of the
granular layer and the upper malpighian
layer. That of the middle and basal layers was
conspicuous (Fig. 5).
3. In sections pemphigus foliaceus both the
floor and the roof of the vesicles were stained
dark-brown (Fig. 6).
4. In sections of eczematous dermatitis
spongiotia areas and the floor of the vesiales
in the epidermis were scarcely stained,
whereas the roof of the vesiele was stained
darkly and most of the infiltrating cells in the
dermis were stained dark-brown (Fig. 7).
5. Sections of psoriasis showed intense
staining of the upper layer of the epidermis
while that of the lower layer was mild. In the
tips of the papillac the dilated capillaries
were stained (Fig. 8).
6. In lichen planus the upper epidermal
layer was stained intensely and the lower layer
slightly. In the dermis only a few of the in-
filtrating cells were stained, though they were
shown in large quantities with H & E (Figs.
9 & 10).
III. Control Sections
1. In the control sections immersed in the
incubating solution without substrate (sil-
ver protein), no coloration was observed.
2. In most control sections in the heat-
ing test, no coloration was observed. How-
ever, in some sections some nuclei were
observed to stain nearly black. This colora-
tion seemed to be nonspecific (Fig. 12).
3. In sections prctreated with serum the
coloration was poor.
IV. Fresh Frozen Sections (normal skin)
(Fig. 11)
In the fresh frozen sections fixed with acetone,
ethanol or without any fixation, the epidermis
and the epidermal appendages and the dermis
were stained in a similar manner to the
acetone fixed paraffin sections, although the
coloration of the fresh frozen sections was
much lighter. The deepest coloration is in the
section fixed with acetone, the next is in the
ethanol fixed section and the lightest is in the
unfixed section.
DI5CUSSION
Various biochemical studies have shown the
presence of some proteolytia enzymes in the
skin, particularly in the epidermis. In 1945,
Beloff and Peters (1) described protcolytic
enzyme activity in rat skin. In 1946, Fruton
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FIG. 1. Normal human skin (hack): A dark-brown coloration is seen in the malpighian
layer of the epidermis, but not in the horny layer. The coloration in the granular layer
and upper malpighian layer is more intense in the lower malpighian layer.. In this section,
the granular layer is stained very intensely. The basal layer is colored deeply, whereas, in
general, the coloration in the basal layer is mild. This deep black coloration is not due
to intense activity of possible proteolytic enzymes, but chiefly to melanin granules. In the
upper dermis, the capillary endothelium and some of the perivascularly scattered cells
also are stained. X 221, silver protein method, acetate buffer at pH 6.4.
FIG. 2. Normal dermis and epidermal appendages (back): A dark-brown coloration is
seen in the sebaeeous glands, hair sheaths, sweat ducts and sweat glands. The collagenous
fibers in the dermis are stained slightly, nonspecifically. X 55, silver protein method,
acetate buffer at pH 6.4.
Fie. 3. Normal epidermis—high magnification (back): The cytoplasm, particularly the
cellular membrane and intercellular bridges show considerable coloration. The nuclei of
most cells are not stained, but some nuclei are colored nearly black, nonspecifically. >< 773,
silver protein method, acetate buffer at pH 6.4.
Fie. 4. Chronic radiodermatitis with ulceration (sole): The granular layer shows slight
and the lower malpighian layer a mild coloration. The coloration in the cytoplasm of the
cells in the malpighian layer is mild, and that in the cellular membrane and in the nuclear
membrane is intense. In the upper dermis, infiltrating cells show almost no coloration,
though they are present in large numbers in the control hematoxylin eosin stained section.
X 110, silver protein method, acetate buffer at pH 6.4.
FIG. 5. Generalized exfoliative dermatitis (leg): The granular and upper malpighian
layers show a less intense coloration than the middle and lower malpighiart layers. The
cytoplasm of the cells in the upper malpighian layer shows a mild coloration, and the
cellular membrane and nuclear membrane show a rather intense coloration. In the dermis,
a few of the infiltrated cells and the proliferating capillaries show a dark-brown coloration.
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FIG. 6. Pemphigus foliaceous (back): Both the floor and the roof of the vesicle show a
coloration to a similar degree. Some of the infiltrated cells also show a coloration. X 130,
silver protein method, acetate buffer at pH 6.4.
FIG. 7. Eczematous dermatitis (band): The floor of the vesicles shows a shght coloration,
whereas the roof shows an intense coloration. Many infiltrated cells in the upper dermis
show well. X 91, silver protein method, acetate buffer at pH 6.4.
FIG. S. Psoriasis (back): Coloration is intense in the epidermal layer and moderate in
the lower layer. X 130, silver protein method, acetate buffer at pH 6.4.
Fio. 9. Lichen planus (leg): The upper epidermal layer shows intense coloration and the
lower layer moderate coloration. In the dermis, only a few of the infiltrating cells stain.
X 130, silver protein method, acetate buffer at pH 6.4.
FIG. 10. Lichen planus (the same specimen as in Fig. 9): There are numerous infiltrating
cells in the upper dermis. X 130, hematoxylin and cosin staining.
:
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Fm. 11. Normal human skin (leg): Fresh frozen section (12 microns) fixed with acetone,
silver protein method, acetate buffer at pH 6.4, )< 520. The malpighian layer of the
epidermis is stained light brown, and the basal layer is lighter. The horny layer and
nuclei are not stained, and the coloration of the dermis is very slight. As the fresh frozen
section is thick, localization of the coloration is not clear.
ho. 12. Generalized exfoliative dermatitis (the same specimen as in Fig. 5): Control
section preheated for 30 minutes at 100° C, and immersed in the incubating solution(acetate buffer at pH 6.4), X 130. No coloration is observed except for the nuclei which
are stained nearly black, nonspecifically.
(2) found that saline extracts of fresh rabbit
skin contained several proteolytie enzymes,
one of which hydrolyzed L-leueylglycylglyeine,
and that this enzyme, named dermopeptidase,
had a specificity different from that of leu-
cine-aminopeptidase, which was also present
in saline extracts of rabbit skin. In 1946,
Beloff (3) stated that rat, horse and human
plasma bad a powerful inhibitory action on
the proteolytie activity of the skin. In 1948,
Neville-Jones and Peters (4) confirmed that
fresh skin extracts had a high dermo- and
amino-peptidase activity and low protease ac-
tivity while the acetone-dried skin extract
had a high protease activity and low pep-
tidase activity. In 1953, Wells and Babcock
(5) reported that extracts from human epi-
dermis showed considerable protease activity
which was completely inhibited by heat and
partially inhibited by plasma. In 1955, Pa-
schoud, Schmidli and Keller (6) stated that
there were both exopeptidases (three dipepti-
dases: nL-leucylglyein-, glycylglyein-, nL-alanyl-
glyein-dipeptidase, and two aminopeptidases:
nL-leucylglycylglyem-, diglycylglyeinaminopepti-
dase) and an endopeptidase in normal human
skin extracts. In 1961, Yamura and Cormia (7)
reported that the activity of proteolytic enzymes
was higher in surviving slices of the skin than in
extracts because of the presence of unextraeted
enzymes in the skin, and that the activity of
proteolytic enzymes existed not only in the
epidermis but also in the deeper portion of the
dermis.
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The histoehemieal demonstration of proteo-
lytic enzymes in the skin has been limited
to a few studies on leucine-aminopeptidase.
Braun-Faleo (8—10) and other authors (11—19),
showed the localization of leucine-aminopep-
tidase in normal human skin and some patho-
logical skin lesions by the method described
by Burstone and Folk (23), and by Naehlas,
Crowford and Selligman (24) using L-leucyl-
/3-naphthylamide as the substrate. Later,
Nachlas, Monis and Rosenblatte (25) devised
a new method for the histological demonstra-
tion of leucine-aminopeptidase, using L-
leucyl-4-methoxy-2-naphthylamide as the sub-
strate, and showed intense staining of sweat
glands in human skin and some staining of
fibroblasts in the intervening connective tis-
sues. Wolff et al. (20, 21) confirmed this ob-
servation, using L-leucyl-4-methoxy-2-naphth-
ylamide as the substrate in normal human
skin and in autografts.
The stndies of normal human skin with L-
leucyl-$-naphthylamide as the substrate (8, 11,
12, 14) showed that the activity of this en-
zyme was more intense in the basal layer, less
intense in the upper malpighian layer and
absent in the horny layer, and also that it was
present in the epithelium of sweat glands,
sebaceous glands and hair sheaths as well as
in the capillary endothelium and perivascu-
larly scattered cells in the dermis. On the
contrary, studies using L-leucyl-4-methoxy-2-
naphthylamide (20) showed nc activity of
this enzyme in all the epidermal layers and
the epidermal appendages but positive ac-
tivity in the subepidermal connective tissues
and in those around the sweat glands, seba-
ceous glands and hair follicles.
In 1963, Takamatsu, Itoh, Mizoguchi and
Iketani (22) devised a new technique, the
silver protein method, using silver protein,
potassium bromide, acetate buffer at pH 6.5
or tris buffer at pH 7.4, hydroquinone and
sodium thiosulfate. Possible proteolytic en-
zymes in the tissues act on the silver protein.
At active sites silver is separated and reacts
with potassium bromide to form silver bro-
mide, which is reduced by hydroquinone solu-
tion to produce brown to dark-brown granules
which are fixed by sodium thiosulfate. Thus
the sites of proteolytic enzyme activity are
stained brown to dark-brown. However, the
specificity of this method is not completely
established. In this substrate, the mode of
linkage between silver and protein is still un-
known (the silver ion cannot be included di-
rectly within the peptides or the ester link-
age which proteolytie enzymes attack, and the
probable linkage is with sulfhydryl). Never-
theless, this substrate frees silver ion in vitro
upon the addition of commercially available
proteolytic enzymes.
In the present study this silver protein
method (Takamatsu et al.) was used in an
attempt to demonstrate possible proteolytie en-
zymes in the skin.
In sections of normal skin, the epidermis,
epidermal appendages, capillary endothelium
and some of the perivascular cells were stained
brown to dark-brown, but in the control sec-
tions immersed in the incubating solution
without substrate (silver protein), no cobra-
•tion was noted. In other control sections which
were preheated, no coloration was observed ex-
cept for nearly black staining of some nuclei.
Therefore the possibility is that the brown to
dark-brown coloration is due to the presence
of some substances, possibly proteolytic en-
zymes, but the nearly black coloration of some
nuclei seemed to be nonspecific because this
w'as still observed after the heating test. It is
possible that phosphoric acid in the nuclei
combined with silver and produced nearly
black granules.
A light coloration in the sections immersed
first in normal human serum may indicate
that serum albumin contains a factor which
inhibits the activity of protease, as men-
tioned by Beboff (3), and by Well and Babcock
(5).
In another study (26), •the protoplasm of
lymphocytes was stained by this silver pro-
tein method in peripheral blood smears,
whereas that of monocytes and polymorpho-
nuclear leukocytes was not. Because of these
findings in blood smears, it is thought that
the stained infiltrating cells in the dermis are
lymphocytes, and the unstained infiltrating
cells are others (monocytes, histiocytes, etc.).
There are considerable differences between
the localization of possible proteolytic en-
zymes in this study using the silver protein
method and that of leucine-aminopeptidase in
the studies using L-leucyl-/3-naphthylamide as
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the substrate (8, 10—12, 14, 17). It seems that
the substance shown in this study and the
leucine-aminopeptidase demonstrated by using
L-leucyl-/?-naphthylamide are not identical.
This silver protein method, a new tech-
nique, has not been studied widely by other
investigators and its specificity is not yet
confirmed, but it is likely that this sub-
stance represents proteolytic enzyme activity.
5UMMARY
Possible proteolytic enzyme activity in the
human skin was demonstrated by the silver
protein method (Takamatsu et al.).
In sections from normal human skin, the
epidermis, particularly the granular layer and
the upper malpighian layer, were stained
brown to dark-brown and the epidermal ap-
pendages were also stained brown to dark-
brown. In the dermis the capillary endo-
thelium and some of the perivascularly scattered
cells were also stained.
The findings in skin sections of some path-
ological lesions are described.
REFERENCES
1. Beloff, A. and Peters, R. A.: Observations
upon thermal burns: the influence of moder-
ate temperature burns upon proteinase of
skin. J. Physiol., 103: 461, 1945.2. Fruton, J. S.: On the proteolytie enzymes of
animal tissues. 17. Peptidases of skin, lung
and serum. J. Biol. Chem., 166: 721, 1946.
3. Beloff, A.: The skin protease inhibitory factor
of plasma. Biochem. J., 40: 108, 1946.
4. Neville-Jones, D. and Peters, 11. A.: Further
observations on the proteolytic enzymes in
rat skin. Biochem. J., 43: 303, 1948.
5. Wells, G. C. and Babcock, C.: Epidermal
protease. J. Invest. Dermat., 21: 459, 1953.6. Pasehoud, J. M., Schmidli, B. and Keller, W.:
Uber proteolytischen Fermente der normalen
menschlichen Haut. Arch. f. klin. u. exp.
Dermat., 201: 484, 1955.7. Yamura, T. and Cormia, F. E.: Study on
human skin protease. J. Invest. Dermat.,
37: 121, 1961.
8. Braun-Falco, 0.: Histochemische Aminopepti-
dasedarstellung in normaler Haut, bei Psori-
asis, Dermatitis, Basaliom, spinocelluliiremCarcinom und Molluscom sebaceum. Der-
mat. Wschr., 134: 1341, 1956.9. Braun-Falco, 0.: Uber die Histotopographie
der Aminopeptidase bei Hauttumoren. Klin.
Wschr., 35: 50, 1957.
10. Braun-Falco, 0.: Zur Histotopographie der
Aminopeptidase bei Pemphigus Vulgaris.
Dermat. Wschr., 135: 93, 1957.
11. Griineberg, T. R., Hähnel, R. and Theune, J.:
Uber einer Ammopeptidase in der normalen
mensehhcher Haut und im Psoriasisherd.
Arch. f. khn. u. exp. Dermat., 211: 193, 1960.
12. Adachi, K. and Montagna, W.: Histology and
cytochemistry of human skin. XXII. Sites
of leucine aminopeptidase. J. Invest. Der-
rnat.,37: 145, 1961.
13. Steigleder, G. K.: Aminopeptidasenaktivitat
auf der Hautoberfluiche. KIm. Wschr., 40:
1154, 1962.
14. Steigleder, G. K., Kudicke, R. and Kamei, Y.:
Die Lokalisation der Aminopeptidasenak-
tivitht in normaler Haut. Arch. f. klin. u.
exp. Dermat., 215: 307, 1962.
15. Steigleder, G. K., Nicklas, H. and Kamei,
Y.: Die Epithelveränderungan beim Histi-
ozytom, ihre Genese und ihr Erscheinungs-
bild. Dermat. Wschr., 146: 457, 1962.
16. Steigleder, G. K. and Kamei, Y.: Die Bezie-
hung zwischen Tumoren der Haut und
umgeben dem Bindegewebe. ProteolytischeAktivitiit im Parenchym und Stroma von
Hauttumoren und ihre Beziehung zur
Gewebsmetachromasie. Arch. f. klin. u. exp.
Dermat., 217: 457, 1963.
17. Steigleder, G. K., Kamei, Y. and Kudicke, R.:
Lokalisation von proteolytischer Aktivität
in entzündlich verSnderter Haut. Arch. f.
klin. u. exp. Dermat., 217: 417, 1963.
18. Hermann, F., Steigledcr, G. K., Kamei, Y.
and Kim, J. H.: Aminopeptidasen-Aktivitkt
in der psoriatischen Papel, der psoriatische
Hof. Mitt. I. Dermat. Wschr., 146: 603,
1962.
19. Hasegawa, J.: Aminopeptidase in elastotie
skin. Arch. Derm., 85: 720, 1962.
20. Wolff, K.: Zur Orthotopie der histochemisch
erfaflb aren Aminopeptidasenaktivität der
mensehen Haut. Arch. 1. klin. u. exp. Der-
mat., 217: 534, 1963.
21. Wolff, K. and Schellander, F. G.: Enzyme-
histochemical studies on the healing-process
of split skin grafts. I. Aminopeptidase,
diphosphopyridine-nucleotide-diphosphorase
and succinic dehydrogenase in antografts.
J. Invest. Derm., 45: 38, 1965.
22. Takamatsu, H., Itoh, M., Mizoguchi, K. and
Iketani, J.: New histochemical demonstra-
tion of proteinase-silver protein method.
Proc. Jap. Histochem. Ass. 4th Annual
General Meeting. 146, 1963.
23. Burstone, M. S. and Folk, J. E.: Histochemical
demonstration of aminopeptidase. J. Histo-
chem. Cytochem., 4: 217, 1956.
24. Nachlas, M. M., Crawford, D: T. and Selig-
man, A. M.: The histochemical demonstra-
tion of leucine aminopeptidase. J. Histo-
chem. Cytochem., 5: 264, 1957.
25. Nachlas, M. M., Monis, B., Rosenblatte, D.
and Scligman, A. M.: Improvement in the
histochemical locahzation of leucine amino-
peptidase with a new substrate L-leucyl-4-
methoxy-2-naphthylamide. J. Biophys. Bio-
chem. Cvtol.,7: 261, 1960.
26. Yamada, M.: A study of possible proteolytic
enzymes of leukocytes in blood smears by
protein silver method. Unpublished.
